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ON THE NATURE OF GLASS 
BY 
DR. MORRIS W. TRAVERS, F K S .  
It is commonly stated that glass, in its rigid form, is still a super. 
cooled liquid, the statement being based upon the assumption that 
its properties change continuously with change of temperature. As 
a matter of fact, however, this assumption has been based practi- 
cally entirely upon qualitative observations. Until quite recently 
no investigations of the physical properties of glasses had extended 
over any part of the range of temperature within which glass changes 
from an elastic solid, through a stage in which it may be described 
as plastic, to that in which its viscosity has fallen with rise of tempera- 
ture till the glass is a mobile liquid. In 1917 Twyman ( J .  Xoc. Glass 
Tech., I., 61) published the results of some experiments carried oui 
with a view to testing the application of Maxwell's equation for the 
disappearance of stress in a viscous body (Phil. Mag., 1868, 35, 133) to 
the problem of annealing glass. He investigated the change in the 
mobility (rate of change of strain with time under constant stress) 
with temperature, and found that in the cme of all glasses investigated 
the formula 
dXldt = l i f e  8 
held good, the mobility doubling for every 8" rise of temperature. 
This must probably be regarded as an approximation holding good 
over the range of temperature within which the glass may be described 
as plastic. 
A few months ago Tool and Valaseck first called attention to a 
marked discontinuity in the behaviour of glass in the neighbourhood 
of the softening point (U.S. Bureau of Standards, Xcienti$c Papers, 
No. 358). They found that above a " critical temperature,,' T,, 
which for all glasses examined, including fused boric acid glass, was 
about 70" below the softening temperature, the rate of absorption 
of heat with LL rise of temperature underwent a sudden increase, 
which was maintained up to a temperature Tb, slightly below the 
softening temperature. The range of temperature T,Tb coincides 
with what is called the annealing range of temperature, as determined 
by the optical method, within which the glass may be regarded as 
plastic. 
Following up this work, Cragoe and Peters (American Opticul Xoc. J . ,  
1920, $, 105) determined the thermal expansion of a number of glasses 
from 20" to the softening temperature. They again found that all 
glasses, including boric oxide glass, behaved similarly. The co- 
efficient of expansion remained constant from 20" to very close to T,. 
A t  Ta, which was identical with the critical temperature for the glasses 
examined by Tool and Valaseck, the coefficient of expansion underwent 
a sudden change in value, again becoming constant, and remaining 
so over the greater part of the range T,Tb, but having a value from 
four to seven times as great as over tlhe lower range. Above Tb the 
glass appeared to contract slightly, but it does not appear to be certain 
that the contraction is real. The fact t,hat fused boric acid behaves 
similarly to more complex glasses is unimportant, unless i t  is perfectly 
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DR. MORRIS W, TRAVERS 63 
certain that the substance was perfectly pure. Borates, except alkali 
borates, are very immiscible, and a very small quantity of impurity 
may be present as a separate phwe. 
It may be noted that a marked change of volume near the solidifying 
point was to be looked for as the only way of accounting for the fact 
that often when two soft glasses of different makes are sealed together 
they form a perfectly good junction but show a ridge at the point of 
union. This could not be due to any difference in the rate of contraction 
over a range outside that at  which the glass possessed mobility. 
Attention may also be called to the fact that if two pieces of glass 
with optically plane surfaces are placed in contact, and their tempera- 
ture is raised, there is a definite temperature at  which they will become 
optically united (Silikut Zeits., 1918, III., 213). 
These facts point to a very marked discontinuity in the properties 
of glass in the neighbourhood of the softening point, but they do not 
furnish any direct evidence in opposition to the idea that glase is a 
liquid. Within the last week, however, a paper has been published 
by A. A. Griffiths of the Royal Aircraft establishment (Phil. Truns., 
A. 221, 163) which throws some light on the subject. 
Working with a glass, of which the composition is given in the 
paper, having a high softening temperature, he found that a t  
temperatures about 730" the load which a fibre could support was 
determined solely by the surface tension, which decreased linearly 
with the temperature. Below 730" a fibre was able to support stress, 
apart from surface tension, this solid stress increasing from zero 
at  730" to 1 * 3 lbs. per sq. in. at  657", and to 24 lbs. per sq. in. a t  540'. 
The magnitude of these effects is still very small over the whole 
annealing range. 
The most obvious alternative to the suggestion that glass is a 
liquid, is that i t  is a colloid, and that with change of temperature 
it passes through the stages, 
elastic gel. ~ s l  colloidal sol + crystalloidal sol. 
Looking for some experimental data which would serve a6 a means 
of comparing the properties of glass and colloids, I turned to the 
literature of colloids for information. As Mr. Hatschek has 
observed in the course of this discussion, no measurements have been 
made on the thermal and mechanical properties of elastic gels or 
of the changes which take place in them during gel-sol transformations. 
Qualitatively there is a distinct resemblance between the changes- 
elastic gel = sol 
and 
elastic glass ;t mobile glass. 
and I propose to investigate the relationship q izant.itatively. 
The suggestion that glass is aGolloid, generally implying some form 
of a polyphase liquid system, though the meaning of the term liquid 
applied to the phases xhich make up each system is rather vague, 
has frequently been put forward. Barus (Am. J .  of Sci., 1898,6, 270) 
made use of it to account for the behaviour of glass towards water, 
and it is indeed difficult to account for apparently erratic behaviour 
of chemical reagents towards glasses on the supposition that they 
consist of homogeneous liquid solutions of silica, silicates, &c. 
(Bibliography, Turner, J .  SOC. Glass Tech., I., 1917, 213). 
Quincke (Ann. der Physik, 1915, IV., 46, 1025) has put forward 
the suggestion that glass ia a jelly-like structure built up of invisible 
foam walls separating foam cells, the wall and cell contents consisting 
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of a series of liquid phases each containing several modifications of 
silicic acid. The observations on which his ideas are based are in- 
teresting. In  examining the copper aventurine glass, which contain 
microscopic crystals of copper in a transparent glass, he found that 
in some cases the crystals developed in lines of similarly orientated 
octahedra. In  other cases groups of crystals appeared to be distri- 
buted over curved or plain surfaces. These observations point to  
the existence of fibrous or cellular structures in the glass. Fibrous 
structures play an important part in the formation of some gels, 
mch as those of the soaps. 
In  conclusion I must call attention to the conclusions arrived at 
by Griffitha (Zoc. cit.) in his paper, which should be read by those inte- 
rested in this subject. As the results of experiments on the influence 
of flaws in the tenacity of glass, he finds that this tenacity suffers 
rapid diminution accompanied by shrinkage, following rapid cooling 
from the mobile to elastic conditions. Very fine fibres of glass, rapidly 
chilled, have a tenacity approximating t,o the theoretical value, which 
is many times greater than the ordinary experimental value. He 
concludes t'hat in the mobile state (at 1,400") the glass consists of 
molecules arranged " a t  random." On cooling rapidly the random 
arrangement momentarily persists, but with lapse of time the molecules 
arrange themselves first in chains of limited length, and afterwards 
in surfaces. During slow cooling the chain formation takes place 
most rapidly over the range TbT,. The orientation has some 
relation to the form of the solid produced, accounting for the tendency 
of glass t o  flake off from the surface on fracture. 
In  this connection reference may be made to a well-known 
phenomenon. If a cut is made round the inner circumference of a 
glass tube or vessel, as the inner surface is always in tension, owing to 
the slower rate of cooling, the cut will always extend towards the outside 
of the tube or vessel, and if it does not do so spontaneously, it will 
do so on warming the outside. It often happens, however, that 
when the cut appears to have penetrated to the outside around the 
whole circumference, it " skin " still remains on the outside which 
can only be broken by tapping the glass, and even then does not 
always break through readily or exactly along the line of the cut. 
A t  a very small distance from the inner surface the line of fracture 
bends sharply, becoming parallel with the surface of the glass, so 
that a thin flake of glass is left projecting from one or other of the 
several portions. It is frequently stated in chemical literature that 
the outer layer of a glass article differs from the mass of the glass; 
but whether it does so in freshly made articles, or only after 
weathering, is doubtful. The phenomenon referred to above can 
be observed in any article taken direct from the kiln or lehr, and 
is probably purely physical in character. 
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